Background: The proportion of the number of involved lymph nodes (LNs) to the number of examined LNs-defined as metastatic LN ratio (mLNR)-has been considered as a prognostic parameter. This study aims to elucidate the prognostic implication of the mLNR in colorectal cancer (CRC) according to the tumor location. Methods: We evaluated the correlation between prognoses and the involved and examined LNs as well as mLNR according to the tumor location in 266 surgically resected human CRCs. Besides, to evaluate the optimal cutoff for high and low mLNRs, we investigated the correlation between mLNR and survival according to the various cutoffs. Results: LN metastasis was found in 146 cases (54.9%), and colon and rectal cancers were found in 116 (79.5%) and 30 (20.5%) of the cases, respectively. The mean mLNRs were significantly higher in rectal cancer than in colon cancer (0.38 ± 0.28 vs. 0.21 ± 0.24, P = 0.003). Besides this, the number of involved LNs in rectal cancer was significantly high compared to colon cancer (11.83 ± 10.92 vs. 6.37 ± 7.78, P = 0.014). However, there was no significant difference in the examined LNs between the rectal and colon cancers (31.90 ± 12.28 vs. 36.60 ± 18.11, P = 0.181). In colon cancer, a high mLNR was significantly correlated with worse survival for all cutoffs (0.1, 0.2, 0.3, and 0.4). However, rectal cancer only showed a significant correlation between high mLNR and worse survival in the subgroup with a cutoff of 0.2. Conclusions: Our results showed that high mLNR was significantly correlated with worse survival. The number of involved LNs and mLNRs were significantly higher in rectal cancer than in colon cancer. The cutoff of 0.2 can be useful for the differentiation of prognostic groups, regardless of tumor location.
Introduction
Cancer staging is important for the stratification of a patient's prognosis. Cancer staging, the primary tumor (pT), regional lymph node (pN), and distant metastasis (pM) were evaluated by the American Joint Committee on Cancer (AJCC) [1] . Among these parameters, the pN stage is only evaluated by the number of involved regional lymph nodes (LNs) in colorectal cancer (CRC) [1] . In CRC, a patient with regional LN metastasis is classified as stage III, in which adjuvant chemotherapy treatment is generally recommended [1] [2] [3] . Therefore, the detection of nodal status is essential for the decision of treatment modality and prediction of prognosis. The detection of LN involvement can be affected by various factors, including surgical and pathological status, as well as unexpected tumor conditions [4, 5] . A previous study reported that only 37% of CRC patients performed adequate LN evaluation, and the number of examined LNs after surgical resection was significantly correlated with survival of the CRC patients [4] . The current guidelines recommended that 12 regional LNs be examined for proper evaluation of nodal disease [1, 3, 6] . However, the evaluation of examined LNs alone is not sufficient. Although the examined LNs have a prognostic role and could indirectly affect the involved LNs, the information is not conclusive. However, examined LNs are not considered in the current pN stage. An insufficient number of examined LNs may lead to a false-negative result for nodal disease or a lower N stage [7] . To compensate for these possibilities, many authors have introduced the metastatic lymph node ratio (mLNR) in examining various malignant tumors, such as gastric, pancreatic, breast, thyroid, cervix, and salivary gland cancers [8] [9] [10] [11] [12] [13] [14] [15] . Berger et al. first reported the prognostic role of mLNR in CRC [16] , though no detailed information regarding the criteria for high mLNR is currently available. Recently, the mLNR has been explored as a prognostic factor on survival outcomes and time to progression for patients with colon cancer [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
This study aimed to elucidate the prognostic implications of mLNR in CRC. In addition, detailed information according to cutoff and tumor location was investigated using human CRC samples. The correlation between the involved and examined LNs was evaluated based on tumor location.
Materials and Methods

Patients and Evaluation of Pathological Features
A series of 266 patients (135 male and 131 female) who had undergone surgical resection of CRC at the Eulji University Medical Center between 1 January 2001 and 31 December 2010 were analyzed. The CRC specimens which received preoperative chemoradiotherapy were excluded from our study. Two independent authors reviewed medical charts, pathological reports, electronic operation records, and hematoxylin and eosin slides in order to assess clinicopathological characteristics such as age; sex; tumor size; tumor location; tumor differentiation; vascular, lymphatic, and perineural invasion; depth of tumor invasion; number of examined LNs; LN metastasis; distant metastasis; and pathologic tumor node metastatic (pTNM) stages. All cases were histologically confirmed as primary colorectal adenocarcinoma and evaluated according to the 8th edition of the AJCC Cancer Staging Manual [1] . The distant metastasis was indicated as the presence of cancer cells outside the area of surgical resection, such as lung, liver, pancreas, bone, and other organs. This protocol was reviewed and approved by the Institutional Review Board of Eulji University Hospital (Approval No. EMC 2018-11-005).
Definition and Evaluation of Metastatic Lymph Node Ratio
mLNR, which is defined as the ratio of the number of mLNs to the number of examined LNs, was calculated in CRCs with LN metastasis. To evaluate the optimal cutoff for high and low mLNR in the present study, the prognostic implication of various cutoffs, including 0.1 to 0.4, was compared. We categorized the values into high and low mLNRs according to the cutoffs and elucidated the prognostic implication of mLNRs.
Statistical Analysis
Statistical analyses were conducted using SPSS version 22.0 software (IBM Corp., Armonk, NY, USA). The correlation between LN metastasis and clinicopathological parameters was determined by either Pearson's chi-square test or Fisher's exact test (two-sided). Comparisons of the examined LN, involved LN, and mLNR between tumor locations were conducted using a two-tailed Student's t-test. Linear regression analysis was used to investigate the correlations between the involved LN and examined LN. Recurrence-free survival (RFS) was defined as the duration from the operation date to the first date of recurrence or last follow-up date. In addition, overall survival (OS) was also indicated as the time from the date of surgery to the date of death or the last follow-up date, and the follow-up periods ranging from 0 to 60 months. Also, the prognostic implications of mLNR were evaluated by a Cox regression test. Results were considered statistically significant for P < 0.05.
Results
Clinicopathological Significance of Lymph Node Metastasis in Colorectal Cancers
Among 266 patients with CRC, LN metastasis was found in 146 patients (54.9%) with a mean age of 64.03. The correlations between LN metastasis and clinicopathological parameters in CRC patients are summarized in Table 1 . The tumor size was significantly larger in patients with LN metastasis than in those without LN metastasis (5.69 ± 2.07 vs. 5.18 ± 2.05, P = 0.044). LN metastasis was frequently found in poorly differentiated cases in comparison to well or moderately differentiated cases. Also, there were significant correlations between LN metastasis and vascular, lymphatic, and perineural invasions. Patients with LN metastasis were significantly correlated with a higher pT stage, frequent distant metastasis, and a higher pTNM stage (P < 0.001, P = 0.001, and P < 0.001, respectively). No significant correlation was observed between the existence of LN metastasis and clinicopathological characteristics such as age, sex, location of the tumor, and the number of examined LNs.
Characteristics of Nodal Status in Colorectal Cancers
Of the 146 CRCs with LN metastasis, colon and rectal cancers made up 116 (79.5%) and 30 (20.5%) of the cases, respectively. The number of examined LNs showed no significant difference between colon and rectal cancers (36.60 ± 18.11 vs. 31.90 ± 12.28, P = 0.181). The mean number of involved LNs was significantly higher in rectal cancer than in colon cancer (11.83 ± 10.92 vs. 6.37 ± 7.78, P = 0.014). In addition, the mLNR was significantly higher in rectal cancer than in colon cancer (0.38 ± 0.28 vs. 0.21 ± 0.24, P = 0.003). The comparisons of the numbers of involved LN and mLNR based on tumor location and the correlation between mLN and tumor location in colorectal cancers are shown in Figure 1 and Patients with LN metastasis were significantly correlated with a higher pT stage, frequent distant metastasis, and a higher pTNM stage (P < 0.001, P = 0.001, and P < 0.001, respectively). No significant correlation was observed between the existence of LN metastasis and clinicopathological characteristics such as age, sex, location of the tumor, and the number of examined LNs.
Of the 146 CRCs with LN metastasis, colon and rectal cancers made up 116 (79.5%) and 30 (20.5%) of the cases, respectively. The number of examined LNs showed no significant difference between colon and rectal cancers (36.60 ± 18.11 vs 31.90 ± 12.28, P = 0.181). The mean number of involved LNs was significantly higher in rectal cancer than in colon cancer (11.83 ± 10.92 vs 6.37 ± 7.78, P = 0.014). In addition, the mLNR was significantly higher in rectal cancer than in colon cancer (0.38 ± 0.28 vs 0.21 ± 0.24, P = 0.003). The comparisons of the numbers of involved LN and mLNR based on tumor location and the correlation between mLN and tumor location in colorectal cancers are shown in Figure 1 and Table 2 , respectively. Next, the impact of examined LNs on involved LNs was evaluated in CRC. Summarized in Table  3 are the results of the correlation between the involved LNs and examined LNs in colorectal cancers by linear regression. Overall, the number of involved LNs increased with the increasing number of examined LNs (P = 0.037). Regarding tumor location, there was a positive correlation between involved LNs and examined LNs in the rectum, but not the colon (P = 0.023 vs P = 0.068). Next, the impact of examined LNs on involved LNs was evaluated in CRC. Summarized in Table 3 are the results of the correlation between the involved LNs and examined LNs in colorectal cancers by linear regression. Overall, the number of involved LNs increased with the increasing number of examined LNs (P = 0.037). Regarding tumor location, there was a positive correlation between involved LNs and examined LNs in the rectum, but not the colon (P = 0.023 vs. P = 0.068). 
Correlation between High Metastatic Lymph Node Ratio and Survival Rates in Colorectal Cancers
The optimal cutoffs for high and low mLNRs in CRC were obtained by predicting their roles in survival. In the present study, the evaluated cutoffs were 0.1, 0.2, 0.3, and 0.4. Overall, CRCs with a high mLNR were significantly correlated with worse OS and RFS for all cutoffs. The Kaplan-Meier survival analysis by the Cox regression test and the correlations between high mLNR and survival rates in colorectal cancers by Cox regression test are shown in Figure 2 and Table 4 , respectively. In the subgroup analysis based on tumor location, there were significant correlations between high mLNR and worse survival in colon cancers. However, in rectal cancers, patients with high mLNR showed worse survival compared to those with low mLNR in cutoff 0.2, but not in other cutoffs. 
The optimal cutoffs for high and low mLNRs in CRC were obtained by predicting their roles in survival. In the present study, the evaluated cutoffs were 0.1, 0.2, 0.3, and 0.4. Overall, CRCs with a high mLNR were significantly correlated with worse OS and RFS for all cutoffs. The Kaplan-Meier survival analysis by the Cox regression test and the correlations between high mLNR and survival rates in colorectal cancers by Cox regression test are shown in Figure 2 and Table 4 , respectively. In the subgroup analysis based on tumor location, there were significant correlations between high mLNR and worse survival in colon cancers. However, in rectal cancers, patients with high mLNR showed worse survival compared to those with low mLNR in cutoff 0.2, but not in other cutoffs. Besides, a high mLNR (≥0.2) was significantly correlated with tumor location, vascular and lymphatic invasions, perineural invasion, and the numbers of examined and involved LNs. The correlation between nodal status and survival rates in 146 CRCs with LN metastasis by Cox regression test and the correlation between mLNR and clinicopathological parameters in 146 CRCs with LN metastasis are summarized in Tables 5 and 6, respectively. 
Discussion
The most powerful prognostic factor for CRCs is an anatomical tumor extension, based on AJCC cancer staging [1] . This staging system is composed of evaluations for the extent of the primary tumor, the degree of spread to regional LN, and the presence of distant metastasis. In CRC, the pN stage is decided by the number of involved LNs. We focused on the mLNR for CRCs with regional LN metastasis. In addition, the present study evaluated the prognostic role of mLNRs according to the tumor location and the correlation between involved and examined LNs in the CRCs. The pN stage of CRC is divided into pN1 (one to three) or pN2 (four or more) by the number of involved LNs according to current AJCC cancer staging [1] . In CRC, the pN stage had prognostic implications; however, the pN stage is limited in terms of the delicate differentiation of patient prognoses. In our study, there was no significant difference in survival rates between patients at pN1b and pN2a stages (P = 0.970 and P = 0.483, respectively; data not shown). Besides, there was no significant difference in survival rates between patients with three and four involved LNs (P = 0.970 and P = 0.483, respectively; data not shown). Stratification of the same pN stage is needed due to the various prognoses. Therefore, the detailed evaluation of nodal status requires accurate prediction of the prognosis of CRC. The accuracy of the assessment must be ensured, as well as convenience. Although the present system has benefits due to the convenience of evaluation, additional parameters are needed for detailed stratification of a patient's prognosis. They are necessary to assess the obvious usefulness of mLNRs, which have been studied. Given the convenience of the assessment tool, mLNRs, attained by simple calculation, can be useful in daily practice. In our results, there was a significant correlation between high mLNRs and worse survival in CRC. As the prognostic implications of mLNR are controversial between studies, detailed analyses are needed to examine mLNRs in CRC [17] [18] [19] [20] [21] [22] [23] [27] [28] [29] [30] [31] [32] [33] .
The present study investigated the involved and examined LNs to assess the impacts of mLNR in CRC. The number of examined LNs is important for the accuracy of the assessment using nodal status. In addition, the impact of the examined LN number on prognosis cannot be excluded in the evaluation of the prognostic role of mLNR. According to the guidelines, the guaranteed number is 12 LNs [1] . Some researchers have suggested that the minimum number of harvested LNs is 15 for evaluation using the ratio-based system [16] . In the current study, the mean number of examined LNs was 34.5 ± 18.2 in overall CRCs. Cases with an adequate number of LNs (≥12) totaled 94.7% (252 of 266 cases). However, in the previous study, the rate of CRC patients with adequate LN evaluation was only 37% [4] . The number of examined LNs may also be affected by the adequacy of the surgical resection and proper examining pathologists [1, 34] . Indeed, the prognostic effect of the harvested LN number should be considered in the interpretation of the prognostic role of nodal disease. However, in AJCC cancer staging, pN is decided by only affected regional LNs in CRC. That is, a more comprehensive evaluation system for the nodal disease is needed. Previously, some researchers have reported on the prognostic role of examined LN [5, 33] . Vather et al. reported the trend that increasing examined LNs were associated with increased mortality in stage III CRC [33] . However, they did not report statistical significance. In our results, the prognostic role of examined LNs was evaluated by dividing into two subgroups with high and low examined LNs (≥35 vs. <35). Although the subgroup with high examined LNs had prolonged survival rates, there was no significant difference in survival rates between the two subgroups. In stage III CRCs, the same results were obtained. Moreover, there was no significant difference between CRCs with and without LN metastasis in the examined LNs (35.64 ± 17.15 vs. 33.38 ± 19.38, P = 0.316).
As described above, the number of involved LNs is only associated with the pN stage. The criterion-which is differentiated between pN1 and pN2-is four involved LNs. However, the proper number of examined LNs can be affected by the detected number of involved LNs [1] . In the present study, the impact of tumor location on the number of involved and examined LNs was investigated. Although the number of involved LNs increased according to the number of examined LNs (P = 0.037 in linear regression test, Table 3 ), this pattern was not consistent, depending on tumor location. In the subgroup analysis by tumor location, this finding was valid only in the rectum, but not in the colon (P = 0.023 and P = 0.068, respectively). Even though there was no significant difference in the number of examined LNs between the colon and rectal cancers, the number of involved LNs was significantly higher in rectal cancer. Therefore, the mLNR was significantly higher in rectal cancer than in colon cancer (P = 0.003). This finding could be caused by anatomical differences. These results suggest that different cutoffs are needed according to tumor location.
The mLNR is defined as involved LNs divided by examined LNs. As described above, the mLNR can differ according to examined LNs. Thus, the mLNR can be useful for differentiating patients with the same number of involved LNs. For the application of mLNR in daily practice, evaluation of the cutoff value for high mLNRs is required. It is difficult to apply dichotomous data because it is not possible to confirm the significance of each mLNR value. However, dichotomous data may be more advantageous than continuous data for the application of mLNR. Previous studies used various criteria for high mLNR, from 0.125 to 0.3 [4, 17, [19] [20] [21] [22] [23] [28] [29] [30] [31] [32] [33] [34] . In the present study, the prognostic impacts of high mLNR were investigated using various cutoffs (from 0.1 to 0.4). In addition, validation based on tumor location was conducted. For all cases, all cutoffs (0.1 to 0.4) allowed for the differentiation of the prognostic groups. However, results were discordant in the subgroup analysis based on tumor location. mLNR has been known as an independent prognostic factor in various malignant tumors, including the stomach, pancreas, breast, thyroid gland, cervix, and salivary glands [8] [9] [10] [11] [12] [13] [14] [15] . However, in rectal cancers, some cutoffs had no prognostic role. The cutoff of 0.2 showed prognostic roles in both the OS and RFS of rectal cancers (P = 0.024 and P = 0.034, respectively, Table 4 ). In CRCs with LN metastasis, the mean numbers of involved and examined LNs were 7.5 ± 8.8 and 35.6 ± 17.1, respectively. The mean mLNR was 0.24 ± 0.26 in CRCs with LN metastasis. A high mLNR (cutoff ≥0.2) was not significantly correlated with pT or pM stage (P = 0.655 and P = 0.295, respectively); that is, in tumor progression, lymphatic invasion and LN metastasis can directly cause higher mLNR values. Interestingly, the mean mLNR was significantly higher in rectal cancers than in colon cancers (P = 0.003). However, there was no significant difference in the number of examined LNs between the colon and rectal cancers. From our results, it can be seen that mLNR may be more important in rectal cancer. In addition, in the evaluation of rectal cancers, more attention should be paid in cases with preoperative chemoradiotherapy, because the number of examined LNs can be significantly decreased after preoperative chemoradiotherapy [35, 36] . Although the mLNR can be useful as a powerful predictor for prognosis of surgically resected CRCs, further detailed cumulative assessment is needed to confirm the optimal criteria of high mLNR.
Conclusions
Our results showed that high mLNR was significantly correlated with worse survival outcomes in CRC. Rectal cancers had a higher number of involved LNs, despite fewer examined LNs, compared to colon cancers. The cut-off of 0.2 can be useful for the differentiation of prognostic groups, regardless of tumor location in CRCs. For evaluation of optimal criteria of mLNR in CRCs, further comprehensive studies are required.
